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1. BACKGROUND {#ccr32427-sec-0001}
=============

 Prostate cancer (PCa) rarely manifests with paraneoplastic cholestasis (PnC), a nonmetastatic liver dysfunction that occurs in malignancy without direct hepatobiliary obstruction or hepatic infiltration [1](#ccr32427-bib-0001){ref-type="ref"}, [2](#ccr32427-bib-0002){ref-type="ref"}, [3](#ccr32427-bib-0003){ref-type="ref"}, [4](#ccr32427-bib-0004){ref-type="ref"}, [5](#ccr32427-bib-0005){ref-type="ref"}. Uncommon and underrecognized entities like PnC hold potential implications for clinical management. 

Enzalutamide was approved in 2012 for metastatic castration‐resistant prostate cancer (mCRPC) based on its superior survival benefits and favorable safety profile.[6](#ccr32427-bib-0006){ref-type="ref"}, [7](#ccr32427-bib-0007){ref-type="ref"}, [8](#ccr32427-bib-0008){ref-type="ref"}, [9](#ccr32427-bib-0009){ref-type="ref"} Here we report a case of idiopathic cholestasis in a patient who had just initiated enzalutamide therapy for mCRPC. We highlight clinical conundrums that influenced our approach to distinguishing possible enzalutamide‐related hepatotoxicity from PnC, emphasizing patient‐centered perspectives for managing underlying PCa in this and similar contexts.

2. CASE DESCRIPTION {#ccr32427-sec-0002}
===================

An 88‐year‐old man with a history of metastatic PCa and newly diagnosed stage III chronic kidney disease (CKD) was admitted with one week of severe weakness, anorexia, and jaundice. The patient was diagnosed with PCa eight months prior to admission (PTA). He had an elevated prostate‐specific antigen (PSA) of 4280 ng/mL and marked prostate enlargement on CT scan, but had declined prostate biopsy for tumor staging at that time. Additional imaging also showed advanced disease with skeletal metastases (Figure [1](#ccr32427-fig-0001){ref-type="fig"}A, bone scan) and visceral involvement in the lung (not shown). He had no liver metastases on contrast CT during initial diagnostic workup (Figure [1](#ccr32427-fig-0001){ref-type="fig"}B, taken prior to onset of CKD). Following the diagnosis, the patient started bicalutamide and leuprolide androgen‐deprivation therapy. PSA level decreased to a minimum of 357 ng/mL after 1 month of treatment. However, subsequent testing showed disease progression with rapid doubling of PSA from 357 ng/mL (5 months PTA) to 919 ng/mL (2 months PTA), despite endocrine therapy adherence (Figure [2](#ccr32427-fig-0002){ref-type="fig"}). His disease progressed precipitously 1 week PTA, with a markedly elevated PSA at 3030 ng/mL (Figure [2](#ccr32427-fig-0002){ref-type="fig"}). He had started enzalutamide for mCRPC just prior to his admission. Bicalutamide was discontinued then without other medication changes. His other medications included leuprolide, finasteride, doxazosin, metoprolol, omeprazole, ferrous gluconate, multivitamin, psyllium, and a nutritional supplement (Table [1](#ccr32427-tbl-0001){ref-type="table"}). The patient reported no history of blood transfusions, recent travel, or use of alcohol, tobacco, or drugs. He had no personal or family history of hepatobiliary disease.

![Skeletal metastases on bone scan (A) and no hepatobiliary metastases on contrast CT (B, C, arrows show benign cystic lesions in the liver) at the time of initial PCa diagnosis](CCR3-7-2068-g001){#ccr32427-fig-0001}

![Precipitous PSA elevation prior to admission along with trends in elevated bilirubin, alkaline phosphatase (ALP), gamma‐glutamyl transferase (GGT, on admission), and alanine aminotransferase (ALT). Enzalutamide therapy continued through Day 5 of admission. It was initially discontinued given initial concern for drug induced‐toxicity; and not resumed per patient\'s wishes](CCR3-7-2068-g002){#ccr32427-fig-0002}

###### 

List of medications and supplements that the patient was taking prior to admission

  Medication                               Dosage
  ---------------------------------------- ------------------------------
  Enzalutamide                             160 mg/d
  Finasteride                              5 mg/d
  Leuprolide                               22.5 mg injection every 3 mo
  Multivitamin                             1 tablet/d
  Ensure liquid (nutritional supplement)   24 Oz/d
  Doxazosin                                50 mg/d
  Ferrous gluconate                        324 mg/d
  Metoprolol                               100 mg/d
  Omeprazole                               20 mg/d
  Psyllium                                 0.52 mg twice/d

John Wiley & Sons, Ltd

On admission, the patient was afebrile with a regular pulse at 91/min and a blood pressure of 105/47 (mean arterial pressure, MAP of 66 mm Hg). He was jaundiced, with no hepatosplenomegaly or other stigmata of liver disease. Liver function tests revealed the following: total bilirubin, 3.8 mg/dL; direct bilirubin, 3.1 mg/dL; alkaline phosphatase (ALP), 654 IU/L; gamma‐glutamyl transferase (GGT), 988 IU/L; albumin, 4 g/dL; and prothrombin time‐international normalized ratio (INR), 1.2. Serology for hepatitis B and hepatitis C infection was negative. Other admission laboratory data are summarized in Table [2](#ccr32427-tbl-0002){ref-type="table"}. Epstein‐Barr infection and autoimmune markers were not evaluated. Abdominal ultrasonography (AUS) showed nonobstructing cholelithiasis without cholecystitis or biliary ductal dilatation, with normal portal and hepatic vasculature and no apparent lymphadenopathy. Due to the patient\'s kidney disease, contrast CT could not be performed. Noncontrast MRI and MRCP showed normal liver parenchyma with mild reactive hepatic hilar lymphadenopathy, three small hepatic cysts/hemangioma, and a few nonobstructing pancreatic cysts (previously described on CT during initial PCa workup) as shown in Figure [3](#ccr32427-fig-0003){ref-type="fig"}. There was no evidence of hepatitis, liver metastases, biliary ductal dilatation or obstruction, hepatosplenomegaly, or ascites (Figure [3](#ccr32427-fig-0003){ref-type="fig"}).

###### 

Laboratory data on admission

  Component           Value                Normal                   Component     Value       Normal
  ------------------- -------------------- ------------------------ ------------- ----------- ----------------
  Hematocrit          29.8%                41.0%‐53%                Albumin       4 g/dL      3.5‐5.0 g/dL
  White blood cells   7.7 × 10^3^/mm^3^    4.0‐11.0 × 10^3^/mm^3^   Lactic acid   2.6 mg/dL   0.7‐2.1 mg/dL
  Platelets           22.1 × 10^4^/mm^3^   150‐350 × 10^3^/mm^3^    Lipase        152 IU/L    23‐300 IU/L
  AST                 74 IU/L              32 IU/L                  Na            135 mEq/L   137‐145 mEq/L
  ALT                 45 IU/L              30 IU/L                  K             4.2 mEq/L   3.5‐5.1 mEq/L
  Total bilirubin     3.8 mg/dL            1.2 mg/dL                CO~2~         25 mEq/L    22‐30 mEq/L
  Direct bilirubin    3.1 mg/dL            0.5 mg/dL                BUN           38 mg/dL    9‐20 mg/dL
  ALP                 654 IU/L             335 IU/L                 Creatinine    1.9 mg/dL   0.7‐1.3 mg/dL
  GGT                 988 IU/L             70 IU/L                  Ca            10 mg//dL   8.3‐10.3 mg/dL
  PT                  13.1 s               10.7‐12.9 s              Mg            2.3 mEq/L   1.6‐2.3 mEq/L
  INR                 1.2                  0.9‐1.1                  Phosphorus    3.2 mEq/L   3.0‐4.5 mEq/L

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma‐glutamyl transferase; PT, prothrombin time; INR international normalized ratio.

John Wiley & Sons, Ltd

![Noncontrast MRI/MRCP after admission showed normal liver parenchyma without metastatic lesions. No apparent intrahepatic ductal strictures (arrow‐heads). The gallbladder (long arrow) has multiple nonobstructing gall stones with no pericholecystic fluid, wall thickening, or ductal dilation (dashed line). No apparent hepatic hilar lymphadenopathy (not shown)](CCR3-7-2068-g003){#ccr32427-fig-0003}

Notably, serum ALP level began to decrease by day 3 of admission. Meanwhile, total bilirubin peaked at 6.5 mg/dL (direct bilirubin: 5.3 mg/dL) and trended down afterward (Figure [2](#ccr32427-fig-0002){ref-type="fig"}). PSA was not measured during the hospitalization. However, enzalutamide therapy was discontinued on day 5 of admission given initial concerns about possible enzalutamide‐related liver injury based on laboratory abnormalities described in the Food and Drug Administration (FDA)‐approved prescribing information for enzalutamide.[9](#ccr32427-bib-0009){ref-type="ref"} Consultation with oncologists deemed this possibility unlikely. The patient\'s clinical status deteriorated with anorexia, hemodynamic instability, and altered mental status, so the patient and his family opted for intense comfort care. Therefore, we did not pursue further diagnostic evaluation or resume enzalutamide therapy. The patient succumbed to his illness two weeks after admission.

3. DISCUSSION {#ccr32427-sec-0003}
=============

The differential diagnoses for cholestatic jaundice in this patient broadly include hepatobiliary obstruction---from metastatic infiltration, gallstones, or pancreatic cancer[10](#ccr32427-bib-0010){ref-type="ref"}---and systemic etiologies like drug reactions, infections and autoimmune disorders. Very rarely, idiopathic cholestasis can be a paraneoplastic phenomenon in PCa.[2](#ccr32427-bib-0002){ref-type="ref"}, [3](#ccr32427-bib-0003){ref-type="ref"}, [4](#ccr32427-bib-0004){ref-type="ref"}, [5](#ccr32427-bib-0005){ref-type="ref"}

This patient had no pre‐existing liver metastasis on contrast CT at the time of initial diagnosis of metastatic PCa (Figure [1](#ccr32427-fig-0001){ref-type="fig"}), and his acute on chronic renal failure (ACRF) precluded contrast‐enhanced abdominal CT upon admission. Even though AUS demonstrated nonobstructive cholelithiasis, there was no associated cholecystitis, and subsequent MRI and MRCP ruled out liver metastases and other obstructive processes during this admission (Figure [3](#ccr32427-fig-0003){ref-type="fig"}). In this elderly male with an unremarkable autoimmune predisposition and no characteristic hepatobiliary ductal strictures or dilatations, primary biliary cholangitis and sclerosing cholangitis were less likely culprits, although these etiologies are best diagnosed with serologic and histologic studies in warranted cases.[11](#ccr32427-bib-0011){ref-type="ref"}, [12](#ccr32427-bib-0012){ref-type="ref"}, [13](#ccr32427-bib-0013){ref-type="ref"} We reliably excluded infectious and toxic etiologies based on his unremarkable viral serology and exposure history. As shown in Figure [2](#ccr32427-fig-0002){ref-type="fig"}, the mildly elevated and rapidly normalized transaminases also ruled out ischemic hepatitis.[14](#ccr32427-bib-0014){ref-type="ref"} To our knowledge, there is no known clinical evidence of impaired biliary excretion in renal disease.

The close temporal proximity between symptom onset and the initiation of enzalutamide raised suspicion about medication‐related adverse reaction. According to the original prescribing information for enzalutamide, 3% of patients taking the drug had mild‐to‐severe elevation in bilirubin compared to 2% of patients taking placebo.[9](#ccr32427-bib-0009){ref-type="ref"} This data came from the AFFIRM trial, but the published report did not include statistical analysis for adverse effects.[8](#ccr32427-bib-0008){ref-type="ref"} Therefore, using statistical methods described in the trial, we re‐analyzed the raw data and found no significant difference in hyperbilirubinemia between the treatment groups (data not shown). Moreover, unpublished data from the manufacturer did not show statistically significant liver toxicity even in patients with pre‐existing liver abnormalities (data not shown). In fact, the current prescribing information on enzalutamide completely excludes originally reported liver enzyme abnormalities,[15](#ccr32427-bib-0015){ref-type="ref"} which we clarified through personal correspondence with the FDA (data not shown). These changes reflect favorable safety profiles demonstrated in Phase III trials, which did not show evidence of enzalutamide‐induced liver impairment.[16](#ccr32427-bib-0016){ref-type="ref"}, [17](#ccr32427-bib-0017){ref-type="ref"}, [18](#ccr32427-bib-0018){ref-type="ref"} In addition to accruing safety data, it is possible that patient‐driven enquiries with the drug manufacturer and the FDA---as we did for our patient---may have partly prompted this change in the prescribing information..

Enzalutamide does not increase overall rates of adverse effects (AEs) compared to placebo.[6](#ccr32427-bib-0006){ref-type="ref"} The most common all‐grade AEs attributed to enzalutamide include fatigue, hot flashes, and hypertension.[6](#ccr32427-bib-0006){ref-type="ref"} However, both Phase III PREVAIL and AFFIRM trials demonstrated lower rates of high‐grade AEs in enzalutamide groups, and the median time to such events in placebo groups was 8‐12 months earlier than in enzalutamide groups.[7](#ccr32427-bib-0007){ref-type="ref"}, [8](#ccr32427-bib-0008){ref-type="ref"} Therefore, recent reviews suggest that most of these AEs were likely related to disease progression rather than the study drugs.[6](#ccr32427-bib-0006){ref-type="ref"}, [19](#ccr32427-bib-0019){ref-type="ref"} We also infer that incident LFT abnormalities were likely related to disease progression, and future analyses could establish this possibility. If such associations exist between cholestatic abnormalities and disease progression, without hepatobiliary involvement, they might support anecdotal reports that PnC may be more common than recognized.

Consistent with other reported cases, we presumptively diagnosed PnC upon excluding obstructive pathology and enzalutamide‐related toxicity among other common etiologies. Fatigue and cholestasis in this patient were more likely related to progression of mCRPC rather than enzalutamide. As shown in Figure [2](#ccr32427-fig-0002){ref-type="fig"}, serum bilirubin and ALP started rising along with the precipitous progression of PSA and symptoms prior to initiation of enzalutamide therapy and hospitalization. We noted that serum ALP and bilirubin were trending down prior to discontinuing enzalutamide during the hospital course, although our patient succumbed (Figure [2](#ccr32427-fig-0002){ref-type="fig"}). Had aggressive endocrine therapy been successful, previous case reports suggest that the cholestasis may have improved.[5](#ccr32427-bib-0005){ref-type="ref"} Whereas we discontinued therapy based on the original FDA‐approved label, the PREVAIL trial, which assessed the efficacy and safety of enzalutamide in patients with similar chemotherapy‐naïve mCRPC, found that the most common fatal AEs were disease progression and general decompensation.[7](#ccr32427-bib-0007){ref-type="ref"} The PREVAIL trial demonstrated a similar incidence in both study arms and no evidence of enzalutamide‐related liver impairment, even in sub‐groups with baseline liver involvement.[7](#ccr32427-bib-0007){ref-type="ref"}, [17](#ccr32427-bib-0017){ref-type="ref"} Clearly, cholestasis in this patient was more likely paraneoplastic than enzalutamide related.

PnC is an uncommon and a potentially underrecognized manifestation of PCa. In almost all reported cases, PnC emerged with newly established PCa or progression of known disease; it is often reversible without a known prognostic value.[2](#ccr32427-bib-0002){ref-type="ref"}, [3](#ccr32427-bib-0003){ref-type="ref"}, [4](#ccr32427-bib-0004){ref-type="ref"}, [5](#ccr32427-bib-0005){ref-type="ref"} In this case, PnC began with biochemical disease progression and coincident with initiation of enzalutamide, masquerading as a drug‐related event (Figure[2](#ccr32427-fig-0002){ref-type="fig"}). In addition to diagnostic challenges, this case presented new conundrums that underscore a systematic patient‐centered approach to clinical decision‐making and management.

Enzalutamide is broadly becoming a first‐line option with potential indications for metastatic and non‐metastatic PCa given its consistently favorable safety profile and superior survival benefits over first‐line bicalutamide.[18](#ccr32427-bib-0018){ref-type="ref"} As reflected in the current FDA drug label, several studies affirm that enzalutamide does not cause clinically significant adverse liver dysfunction that warrant cessation of therapy.[15](#ccr32427-bib-0015){ref-type="ref"} Still, clinicians might erroneously attribute idiopathic cholestasis or PnC to enzalutamide and cease potentially effective therapy, based on the originally inconclusive safety data in FDA‐approved drug label.[9](#ccr32427-bib-0009){ref-type="ref"}, [15](#ccr32427-bib-0015){ref-type="ref"}PnC---is a potentially reversible and benign entity. Therefore, clinicians must weigh the therapeutic benefits of continuing enzalutamide against the unlikely chance of harmful liver injury before preemptively discontinuing therapy for idiopathic cholestasis or suspected AEs. If suspecting the later, particularly with concomitant high‐grade symptoms like fatigue---absent seizures or potentially fatal AEs---dose adjustments might be viable and effective without discontinuation.[8](#ccr32427-bib-0008){ref-type="ref"}

In our case, we reliably inferred that enzalutamide was an unlikely culprit upon analyzing existing literature and toxicity data with multidisciplinary input. However, we did not resume enzalutamide therapy or pursue additional diagnostic evaluation in honor of our patient\'s wish for comfort‐only care. Therefore, once clinicians recognize PnC or benign drug‐related AEs, they should not withhold potentially successful therapy unless to honor patients' wishes.

4. CONCLUSION {#ccr32427-sec-0004}
=============

Paraneoplastic cholestasis is a rare and underrecognized manifestation of PCa. It is a diagnosis of exclusion. Erroneous attribution of this entity to a medication like enzalutamide might lead to cessation of otherwise effective and beneficial therapy. Therefore, clinicians must weigh the unlikely risks of enzalutamide‐related liver injury before discontinuing therapy in idiopathic cholestasis or presumed PnC.
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